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Abstract 
The number of elderly persons is rapidly increasing. As people grow old, they often become forgetful. For their help, we are 
proposing a new system for preventing things from being left behind. By the use of acceleration sensors, the state of a thing left 
behind and the owner can be distinguished. As a result, it can correctly detect if a thing has been left behind, and also can be used 
in a vehicle. When a thing has been left behind in a vehicle, both the thing left behind and the owner are alerted by a bell. When
it occurs in a place other than a vehicle, only the owner is alerted. 
© 2009 Published by Elsevier Ltd.
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1. Introduction 
Recently in Japan, the number of elderly persons is rapidly increasing. As people grow old, they often become 
forgetful. Thus, the issue of things being left behind has been becoming a social problem (Bise et al., 2006; Onodera, 
2005). For the prevention of things from being left behind, there is a system that uses radio intensity. The system 
estimates a distance between a thing such as baggage and the owner by radio intensity, and judges if a thing has 
been left behind using the distance in between them (Ohta et al., 2004). However, the judgment is sometimes wrong, 
because radio intensity differs within an environment, even if the distance is the same. To improve this, a system 
using both an acceleration sensor and radio intensity has been proposed (Kitazono et al., 2008). It utilizes the 
condition that a thing is stopping and the owner is walking to identify when a thing has been left behind. It can more 
accurately judge if a thing has been left behind compared with the system using only radio intensity. The accuracy is, 
however, not accurate enough. In addition, when a thing has been left behind in a vehicle (such as train and taxi), the 
system cannot judge it quickly enough. After a radio signal has not been received, it judges that a thing has been left 
behind. However it is too slow. It is preferable to be judged in a shorter time. In addition, a thing that has been left 
behind in a vehicle may alert with a sound that it has been left behind.. On the other hand, in a place where an owner 
can return to take a thing that has been left behind, it may not be preferable to have sound from the thing that has 
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Figure 1. System for detection of a thing being left behind. 
been left behind. Thus, a system which correctly detects a thing having been left behind, can also judge being in a 
vehicle, and audibly announces according to its current place does not presently exist. 
For the solution of the previously discussed problems, a new system for preventing a thing from being left behind 
is proposed in this study. It can also be used in a vehicle. When a thing has been left behind in a vehicle, both the 
thing left behind and the owner are alerted by a bell. When it occurs in a place other than a vehicle, such as a table 
or floor, only the owner is announced. In addition, the accuracy of the detection in a place is higher than that of a 
conventional system. 
2. System for Detection of a Thing Being Left Behind 
Figure 1 shows the structure of the system for the detection of a thing being left behind, and the picture of a slave 
circuit. The general view of the master circuit is similar to the slave circuit. The slave circuit is attached to the thing, 
and the owner has the master circuit. The system utilizes the following system for the detection of things left behind. 
The situations in which a thing is sometimes left behind in vehicle include: (1) when it is in a vehicle and the 
owner is outside of the vehicle, (2) when it is outside of vehicle and the owner is in the vehicle, (3) if the thing is in 
a vehicle and it is accelerated by the vehicle and the owner is not accelerated because they are outside of the vehicle, 
(4) if the thing is outside of a vehicle and a person is accelerated by a vehicle and (5) when the thing is left behind in 
other places such, as on the floor or a table, where the thing is stopped and the owner is walking away from it.  
Thus, we define the three states (“Acceleration or deceleration of vehicle”, “Walking”, and “Others”). In the 
master circuit and the slave circuit, the three states are distinguished with acceleration sensors. The slave circuit 
transmits the state obtained by the sensor to the master circuit every 1 second. The radio unit (Akizuki Denshi 
Tsusho, AKU-67) is used for the communication of master and slave circuits. The master circuit judges whether a 
thing has been left behind based on the states obtained by the two circuits, and the result is transmitted to the slave 
circuit. When it judges that a thing has been left behind, the master circuit notifies to the owner with a sound. In 
addition, when it occurs in a vehicle, the slave circuit, which is attached to a thing, also notifies with a sound. 
2.1. State Distinction 
Three axes acceleration sensors (Kionix, KXM52-1050) are used for the state distinction. The acceleration 
sensors can detect acceleration on each axis. The fluctuation of acceleration by vehicle and working (About from 
0.1[Hz] to 30[Hz]) is extracted from the output of each axis of the sensors. It is then sent to the microcomputer. The 
microcomputer detects the state by every 0.1 second. The state is then classified into one of the three states 
(“Acceleration or deceleration of vehicle”, “Walking”, and “Others”). 
2.1.1. Acceleration or deceleration of a vehicle 
The acceleration sensor and the change of states when a car (an example of vehicles) starts moving are shown in 
Figure 2.  In Figure 2, a threshold value of Vth is defined. If the time from Figure 2 (1) to Figure 2 (3) is longer than 
1 second, it is judged as “Acceleration or deceleration of a vehicle”. However, we do not judge the state of the time 
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Figure 2. The output of the acceleration sensor  Figure 3. The output of the acceleration sensor 
in the case of the departure of car.   in the case of walking. 
from Figure 2 (1) to Figure 2 (2), because “Acceleration or deceleration of vehicle” is judged after 1 second from 
Figure 2 (1).  For improving this, we shifted the time from Figure 2 (1) to Figure 2 (3) to that from Figure 2 (2) to 
Figure 2 (4), and defined the time from Figure 2 (2) to Figure 2 (4) as “Acceleration or deceleration of a vehicle”. 
2.1.2. Walking 
The output of the acceleration sensor and the change of state when a person is walking are shown in Figure 3. In 
Figure 3, a threshold value of Vth is defined. If the time t1 from Figure 3 (1) to Figure 3 (2) is shorter than 1 second, 
it is judged as the start of walking. If these are repeated within every 1 second, it is regarded as walking. In this 
study, we defined the time after three steps as the start of “Walking” as shown in Figure 3 (5). 
2.1.3. Others
The states other than “Acceleration or deceleration of a vehicle” and “Walking” were judged “Others”, such as a 
stop, a vibration and movement at a constant velocity in vehicle. 
2.2. Judgment of the Thing Left Behind 
The master circuit performs the judgment of a thing being left behind by using the state (“Acceleration or 
deceleration of vehicle”, “Walking”, and “Others”) of the past 10 times every 1 second. A thing  recognized as being 
left behind in a vehicle is either a thing or the owner starts moving by vehicle or one is outside of the vehicle by 
which one circuit judges “Acceleration or deceleration of vehicle” and the other circuit judges “Walking” or 
“Others”. When this state continues more than 5 times (0.5 second), it is regarded as “Thing being left behind in 
vehicle”. If a thing is being left behind in a place other than a vehicle, the thing is stopped and the owner is walking. 
In the situation, the master circuit judges “Walking” and the slave circuit judges “Others”. When this state continues 
more than 5 times, it is regarded as “Thing being left behind in place other than a vehicle”. The other cases are 
judged as “No thing being left behind”. 
3. Experiments 
3.1. Preliminary Experiment 
In the system, the acceleration of a car was used for the judgment of a thing being left behind. Thus the 
acceleration of a car was examined. A car accelerated from a stopped state at a constant acceleration. The time 
required for the car to move 25 [m] was measured. The acceleration was assumed to be one of three states (“Slow”, 
“Usual”, and “Fast”) in driver's sense. Two people tried the experiment 5 times each for each state. The acceleration 
was calculated by the following equation, 
a=2S/t2
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Figure 4. Distance at the judgment of a thing being left behind in the case of a place other than a vehicle. 
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Figure 5. Distance at the judgment of a thing being left behind in the case of person in a vehicle. 
where a is the acceleration of the car, S is the distance (25 [m]), and t is the time that the car to run S. Consequently, 
the three acceleration states of “Slow”, “Usual”, and “Fast” were on average about 7, 6 and 5 [s] respectively. If the 
accelerations are obtained by using these results, the three accelerations are approximately 1.0, 1.4, and 2.0 [m/s2]. 
Therefore, the acceleration of the car in the following experiments was assumed to be 1.0, 1.5, and 2.0 [m/s2] for 
good delimitation. If a car moves for 10 [s] by accelerations of 1.0, 1.5, and 2.0 [m/s2], the speeds become 36, 54, 
and 72 [km/h] respectively. 
3.2. Decision of Threshold Voltage (Vth)
Threshold voltage (Vth) for the state distinction was decided in this experiment. The output of the acceleration 
sensors were measured at the following conditions of a person stopped and walking at 3, 4 or 6 [km/h] and a car 
stopped, accelerating at 1.0, 1.5 or 2.0 [m/s2] until the speed achieves the velocity of 20, 40 or 60 [km/h]. Ten 
persons and two cars were used in this experiment. As a result, a recognition rate of 100 [%] for “Acceleration or 
deceleration of a vehicle” and “Walking” were obtained within the range of 0.6~1.0 [V] of Vth. Therefore, Vth was 
decided as 0.8 [V]. 
In all the following experiments of 3.3, 3.4 and 3.5, the master circuit was attached to the owner and the slave 
circuit was attached to the thing. 
3.3. In The Case of No Thing Being Left Behind 
In this experiment, the judgment by the proposed system was examined when there was no thing being left 
behind. When an owner possesses a thing such as baggage, there are three situations: (1) he is stopped, (2) walks, 
and (3) moves by car. Ten persons and one car were used in this experiment. As a result, there was no misjudgment 
for any of the situations. 
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3.4. In The Case of a thing Being Left Behind in a Place Other than a Vehicle 
In this experiment, the system judges the thing as being left behind in a place other than a vehicle. In such a 
situation, the thing is stopped, and the owner walks away from the thing. Ten persons were tried and they walked at 
speeds of 3, 4 and 6 [km/h]. The experiment was carried out at four places; three different rooms and an outdoor 
location. Each person tried the experiment 5 times. The conventional system (Kitazono et al., 2008) was also tried 
for reference. 
The recognition rate of a thing being left behind was 100 [%] in each system. The distance at the judgment of a 
thing being left behind is shown in Figure 4. The average distance at each speed and the standard deviation are 
shown in the figure. From the figure, it is understood that the average distance of the proposed system was almost 
the same as that of the conventional system, but the standard deviation was smaller than that of the conventional 
system. Thus, the accuracy of the judgment of the proposed system was higher than that of the conventional system. 
In addition, it was confirmed that the master circuit sounded with bell when a thing was left behind. 
3.5. In the Case of a thing Being Left Behind in Vehicle 
In this experiment, the system judged the thing as being left behind when in a vehicle. There were three 
situations: (1) a thing stopped outside of a vehicle when the owner in the vehicle starts moving, (2) an owner 
stopped outside of a vehicle when the thing in the vehicle started moving, (3) an owner walking away from a vehicle 
when the thing in the vehicle started moving. 
For the above situations, the experiments were tried as follows. In these experiments two cars were used. Each 
experiment was carried out 5 times. However, the conventional system was not tried because it cannot judge the 
state of the situations. 
3.5.1. Situation (1) 
The system judged the thing as being left behind when the thing was stopped and the owner in a car started 
moving at an acceleration of 1.0, 1.5 and 2.0 [m/s2] until its speed achieved 20, 40 or 60 [km/h], respectively.  
The recognition rate of a thing being left behind was 100 [%]. The distances at the judgment of the thing being 
left behind are shown in Figure 5. From the figure, it is understood that a thing being left behind was detected at a 
distance of about 7 [m]. 
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Figure 6. Distance at the judgment of and thing being left behind in the case 
that thing is in a vehicle and the owner is stopped outside. 
3.5.2. Situation (2) 
The system judged a thing as being left behind when the owner was stopped outside of a car and the thing in the 
car started moving at an acceleration of 1.0, 1.5 or 2.0 [m/s2] until its speed achieved 20, 40 and 60 [km/h], 
respectively.
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Figure 7. Distance at the judgment of a thing being left behind in the case 
that thing is in a vehicle and the owner is walking toward the car. 
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Figure 8. Distance at the judgment of a thing left behind in the case 
that a thing is in a vehicle and the owner is walking in the opposite direction. 
The recognition rate of a thing being left behind was 100 [%]. The distances at the judgment of a thing being left 
behind are shown in Figure 6. From the figure, it is understood that a thing being left behind was detected at a 
distance of about 16 [m]. 
3.5.3. Situation (3) 
The system judged a thing as being left behind when the owner walked outside of a car and the thing in the car 
started moving at an acceleration of 1.0, 1.5 or 2.0 [m/s2] until its speed achieved 20, 40 and 60 [km/h], respectively. 
Although the direction of walking depended on the person, two directions (direction toward the car and in the 
opposite direction) were tried in this experiment. The walking speed was 4 [km/h]. 
The recognition rate of a thing being left behind was 100 [%]. The distances at the judgment of a thing being left 
behind are shown in Figure 7 and 8. From these figures, it is understood that a thing being left behind was detected 
at a distance of about 13 [m] when the owner was walking toward the car, and it was detected at about 19 [m] when 
the owner was walking in the opposite direction of car. 
For all situations, it was confirmed that both the master and slave circuits sounded with bells when a thing was 
left behind. 
4. Conclusions
A new system for preventing a thing from being left behind was proposed in this study. By the use of acceleration 
sensors, the states of a thing being left behind and the owner are able to be distinguished. As the result, it can 
correctly be detect of a thing has been left behind, and can also be used in a vehicle. In the proposed system, when a 
thing is left behind in a vehicle, both the thing left behind and the owner are alerted by bell. When it occurs in a 
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place other than a vehicle such as on a table or floor, only the owner is alerted. If many people use this system, it is 
necessary to add a function to prevent crosstalk (For example, using different wavelengths or an ID identification 
function such as wireless LAN). 
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